THE use of standard, semi-open circuits'in anaesthesia for infants and young children has always been open to the theoretical disadvantage that the additional deadspace imposed by the apparatus is large compared with the deadspace and tidal volume of the child.
The standard spring-loaded Heidbrink type valve has been shown by Mapleson and Mushin (1954) to vary considerably in "opening pressure". Sufficient pressure to fill the reservoir bag before the valve opens is desirable, but such a pressure which is small for the adult may be considerable for a child. While this difficulty may be overcome by propping the valve open with a pin, this still leaves the problem of the deadspace of the apparatus unsolved.
The appreciation of these difficulties has resulted in an open method with a Schimmelbusch mask being advocated for the infant and small child, but this has disadvantages of its own. It is more difficult to control the level of anaesthesia where so many variables are present, and the proximity of the head to the surgical field makes sterile precautions more difficult. A method is described here whereby a simple modification to existing masks makes it possible to overcome the problem of deadspace and valve pressure, and it is suggested that it may find general application in the anaesthesia of infants and small children where no definite indication for intubation exists, and where interference with adequate spontaneous respiration by the use of relaxants does not occur.
The small mask illustrated (figs. 1 and 2) has a volume of 25 ml, the standard angle piece a volume of 15 ml, and a further 5-10 ml is present in that portion of the valve mount distal to the expiratory valve. It is not known by how much this deadspace is reduced by the turbulence caused by the gas flow in the unmodified Magill semi-open circuit, but it is certain that a considerable amount of expired air must be trapped in the mask and angle-piece at the end of expiration and is then inhaled at the beginning of the following inspiration.
It is of interest to compare the deadspace produced by an ordinary face mask and angle-piece with the figures given by Hall (1955) for the deadspace and tidal volume of these children (table I) .
It can be seen that at the age of one year the additional deadspace of the mask and angle-piece is some three times that of the child's own deadspace, and at eight years it is equal to it. More important is the relationship of the deadspace in the apparatus to the child's tidal volume. Approximately one-half the child's inspired air will consist of expired air at the age of one year, and approximately one-fifth at the age of eight.
The salient features of the modified face mask (figs. 1 and 2) are as follows:
A brass tube of f" external diameter is is too high, the valve will remain open during inspiration, as the only alternative to entering the patient's lungs is to escape through the valve.
It was decided to measure minute volume and respiratory rate in unselected children of a variety of ages to see if the practical matched the theoretical considerations. This was done using the apparatus shown in figure 3. The meter used was a domestic gas meter modified and supplied by Parkinson and Cowan. The patient breathed in and out of a bag mounted in a Perspex box which has inlet and outlet valves at its base, and the air displaced by movement of the bag was passed through the gas meter. It has been shown by Collier (1956) that during complete rebreathing for a period not exceeding 20 seconds there is no rise in carbon dioxide tension due to recirculation. The principle on which this mask works is as follows:
The standard Magill semi-open circuit apparatus is used with the bag switched out of use and the Heidbrink type valve shut. During inspiration, the flow rate from the machine has to satisfy the patient's inspiratory flow rate, and during expiration, the patient's expired air passes out through the valve, mingling with the unwanted gases from the machine. During the expiratory pause, the small amount of expired air contained in the mask is blown out through the valve by the continuing flow of fresh gases.
The operative factor is clearly the fact that the patient's inspired air has to be completely supplied by the flow of fresh gases from the machine. It may be said now that if the bag is put in use to obviate the possibility of "starving" the patient of gases during inspiration, the system fails, as the valve remains perpetually open. If the patient's minute volume and respiratory rate were known, it would be possible to calculate the rate of flow of gas into the lungs during inspiration, and thus to .decide on the flow rate necessary to supply the patient with adequate gases during inspiration. Theoretical consideration also makes it apparent that if the flow rate from the machine The quarter-minute volume was measured therefore, the rate observed, and the results multiplied by four to give the minute volume and respiratory rate per minute. It was noted during these observations that at respiratory rates below 30 per minute there was a definite expiratory pause and that at respiratory rates above 40 per minute, inspiration followed expiration closely. While the period of the respiratory cycle occupied by inspiration must alter gradually from one-third to one-half between the rates of 30 and 40 per minute, it was assumed for the purpose of calculating the inspiratory flow rate that inspiration Fio. 3 occupies qne-third of the respiratory cycle below 35 per minute, and one-half above 35 per minute.
The observations were taken as follows. The minute volume and respiratory rate were measured as above. Next the flow meters on the machine were adjusted to give that flow which just prevented the valve closing on inspiration. From the theoretical considerations mentioned earlier, the calculated inspiratory flow rate should approximately equal that flow of fresh gases that just prevented the valve closing on inspiration. The observations are given in table III. The very high flow rates given in observations 5, 7, 8, 11, 13, 14 and 15 were measured, using an oxygen cylinder and reducing valve, and passing the oxygen through the gas meter for the period of a minute. The remaining flow rates were measured using the standard B.O.C. flow meters.
The inspiratory flow rate was calculated as follows. If inspiration occupies one-third of the respiratory cycle, then it may be said that the minute volume is inspired during one-third of a minute. Thus in one minute, three times the minute volume is inspired. This equals the in-24 spiratory flow rate. For the sake of clarity, the actual length of inspiration at the various respiratory rates and the tidal volume are given in the table so that the inspiratory flow rate may be worked out by an alternative method.
In order to see whether the flow rate was inadequate to satisfy the needs of inspiration, a water manometer was attached to a side arm from the valve mount and the negative pressure in the system during inspiration was measured. It can be seen from observation no. 12 that when the flow rate from the machine that just left the valve open on inspiration (11 l./min) equalled the calculated inspiratory flow rate (10.8 L/min), the negative pressure in the system on inspiration was H cm water. When the flow rate was reduced to 9 and then 7 l./min the negative pressure rose to 1 | cm and 2i cm H 2 O respectively.
It can be seen from table HI that in the majority of observations, the flow rate that just kept the valve open on inspiration approximated closely to the calculated inspiratory flow rate. In the / graph ( fig. 4 ) the calculated inspiratory flow rate is plotted against that flow rate from the • Valve was collapsed during these two measurements. One further advantage that may be mentioned is that at any time the system can be rapidly restored to that of a Magill semi-open circuit by opening the valve, switching in the bag and putting a thumb over the brass tube bearing the latex valve. This may be of value during induction when minute volume is high with consequent extravagance in gas flow, or where assisted or artificial respiration is indicated.
The main disadvantage to this system is the high flow rate necessary in bigger children with consequent increase in cost. This must be balanced against the value of an anaesthetic where there is no rebreathing and little valve resistance.
In conclusion it must be said that the advantages of this system as given here are largely theoretical, but in practice it has worked extremely well. Later it is hoped to provide figures of arterial carbon dioxide tension, comparing this system with the standard semi-open technique.
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